Aim-To compare the sensitivity and staining pattern of the new immunohistochemical antibody to tyrosinase (T311) with S-100, HMB45, and the recently evaluated antibody to melan-A (A103) in a range of melanocytic lesions. Method-Archival, formalin fixed, paraffin wax embedded sections from 50 benign and malignant melanocytic lesions were stained immunohistochemically with anti-tyrosinase, A103, S-100, and HMB45. They were scored semiquantitatively for the distribution and intensity of staining. Results-All melanomas, with the exception of desmoplastic melanoma, showed some staining with all four antibodies. Overall, T311 and A103 showed an intermediate sensitivity compared with that of S-100 and HMB45. T311 stained most benign and malignant lesions strongly and diVusely with minimal background staining. Immunoreactivity was found to be patchy in some naevi, with weak or absent staining of the mature melanocytes. A103 showed strong and diVuse staining of all benign lesions and most melanomas with minimal background staining. S-100 was the most sensitive, with diVuse staining of most lesions, including desmoplastic and metastatic melanoma, but lacked specificity. HMB45 was the least sensitive antibody, frequently demonstrating patchy staining with absent staining in some benign naevi. Conclusions-S-100 remains the most sensitive marker of melanocytes. However, because of its lack of specificity, it should be used with at least one other more specific antibody. HMB45 is more specific, but lacks sensitivity; T311 is a reliable marker of melanocytes in paraYn wax embedded sections and is worth consideration for use in a staining panel, although it shows no additional benefit over A103.
The heterogeneous histological appearance of malignant melanoma has led to the frequent use of immunohistochemistry in formulating a diagnosis. S-100 and HMB45 are currently the most frequently used antibodies. S-100 is a polyclonal antibody raised against a relatively non-specific neuroendocrine marker (S-100 protein) and HMB45 is a monoclonal antibody against group 100 protein. S-100 is a sensitive marker of melanocytes but lacks specificity, 1 2 whereas HMB45 is a more specific marker that lacks sensitivity. 3 4 5 Therefore, a marker (or markers) that is sensitive and has improved specificity would be useful, especially when a panel of immunohistochemical markers is contemplated.
A monoclonal IgG antibody (clone A103) that detects melan-A (a melanocytic diVerentiation antigen) is such an antibody. It has recently been evaluated [6] [7] [8] and found to exhibit a sensitivity between that of S-100 and HMB45.
Tyrosinase is an enzyme involved in the initial stages of melanin biosynthesis in melanocytes and melanoma cells. 9 Detection of tyrosinase mRNA in the peripheral blood 10 11 and lymph nodes 12 13 is possible by the reverse transcriptase-polymerase chain reaction (RT-PCR), and this has been confirmed as a useful prognostic marker in the staging of malignant melanoma. Recently, a monoclonal IgG antibody T311 that detects tyrosinase expression in paraYn wax embedded sections has become available. Previous work has shown T311 to be useful in the detection of amelanotic metastatic melanoma 14 and conventional melanoma 15 in paraYn wax embedded sections.
In our study, we compared the immunoreactivity of T311 with the profiles of the established antibodies S-100 and HMB45 and the more recently evaluated antibody to melan-A (A103) in a range of benign and malignant melanocytic lesions.
Materials and methods
Archival formalin fixed, paraYn wax embedded sections from a range of melanocytic lesions were selected at random. A total of 50 melanocytic lesions were included comprising 25 benign lesions, namely: compound naevus (four), intradermal naevus (three), junctional naevus (three), blue naevus (three), Spitz naevus (four), spindle cell naevus of Reed (four), and dysplastic naevus (in this study a naevus showing architectural and cytological atypia) (four); and 25 malignant lesions, namely: nodular melanoma (five), superficial spreading melanoma (nine), metastatic melanoma (five), desmoplastic melanoma (two), lentigo maligna melanoma (two), and acral lentiginous melanoma (two).
The 3 µm thick sections were cut and floated on to 3' aminopropyltriethoxysilane (APES) coated slides and dried overnight at 37°C. The sections were dewaxed and rehydrated in a graded series of alcohols. Endogenous peroxidase was blocked by preincubation with 0.6% hydrogen peroxide for 15 minutes. For antigen retrieval, T311 and A103 sections were microwaved for 20 minutes (2 × 10 minutes) in Vector antigen unmasking solution (Vector, Peterborough, UK) at pH 6.0. The S-100 and HMB45 sections were incubated with trypsin (one Shandon trypsin tablet dissolved in 50 ml of distilled water) for 20 minutes at 37°C. All sections were then incubated with T311 (Novocastra, Newcastle upon Tyne, UK; 1/25), A103 (Novocastra; 1/25), S-100 (Dako, Ely, UK; 1/3000), and HMB45 (Dako; 1/200) for 60 minutes (T311, A103) or 30 minutes (S-100, HMB45). The slides were then developed using a standard indirect avidin-biotin complex (ABC) technique (Vectastain Elite ABC kit; Vector) on a Cadenza (Shandon, Runcorn, UK) automated immunostainer.
Cases were assessed semiquantitatively by two independent pathologists. The intensity and distribution of melanocyte staining in benign lesions and melanoma cell staining in malignant lesions was recorded for each antibody. In cases where there was a discrepancy in scoring between the pathologists a consensus score was agreed. Tables 1 and 2 summarise the staining profiles of the antibodies.
Results
With the exception of desmoplastic malignant melanoma all four antibodies showed some immunoreactivity in all the melanoma cases.
T311 showed reliable staining of both benign and malignant melanocytic lesions with minimal background staining. Immunoreactivity was found to be patchy in some benign naevi, with weak or absent staining of the mature melanocytes but strong staining of the junctional and superficial dermal cells ( fig 1A) . There was diVuse staining of all malignant melanomas except for patchy staining in two of the metastatic melanomas ( fig 1B) and an absence of staining in both desmoplastic melanomas. A103 demonstrated strong diVuse staining of all melanocytes in the benign lesions ( fig  2A) . Although a more variable pattern was seen in the malignant melanomas, A103 still stained 18 of the 25 cases diVusely. Patchy staining was seen in only five lesions, and there was an absence of staining in both desmoplastic melanomas. Background staining was minimal in all cases.
Our study confirmed the established staining pattern for S-100 protein, with strong diVuse staining of virtually all benign lesions ( fig 2B) and most malignant lesions. Non-specific background staining, particularly highlighting Langerhans cells, nerve tissue, and skin appendages, was sometimes problematic. S-100 was the only antibody to stain desmoplastic malignant melanomas (fig 3) and was the most reliable for metastatic melanoma in lymph nodes.
The HMB45 antibody showed absent or patchy staining of the compound and intradermal naevi, with staining confined to the junctional and superficial dermal component (fig 4) . The immunoreactivity of melanocytes in malignant melanoma was variable, with patchy staining in nine and a diVuse pattern in 14 of the 25 cases. There was no staining of the two desmoplastic melanomas. Non-specific background staining in all lesions was minimal.
Discussion
The diagnosis of both primary and secondary melanoma is usually extremely important clinically but can present diYculties both for the general histopathologist and the "expert". 16 Although currently there is no antibody that can discriminate between benign and malignant melanocytic lesions, immunohistochemistry has an important place in the assessment of some cases. For example, the true architecture of melanocytic skin lesions may be diYcult to assess when there is a heavy associated dermal inflammatory cell infiltrate. Even when a diagnosis of cutaneous melanoma can be made with confidence on routine sections, a prominent associated lymphohistiocytic infiltrate might also make the assessment of dermal invasion problematic. Because the depth of invasion (Breslow thickness) is the most powerful prognostic factor, accurate evaluation of this parameter is vital in melanoma diagnosis. This may only be possible with the aid of immunohistochemistry, using relatively specific and sensitive markers for melanocytes. Secondary melanoma may present in advance of an occult primary or many years after the primary diagnosis, appearances may be very variable, and melanin is often sparse or absent. In this context, immunohistochemistry may confirm the primary origin. For these reasons, immunohistochemistry is commonly used as an adjunct to routine light microscopy in the diagnosis (and staging) of primary and secondary melanomas.
S-100 and HMB45 have been widely used in the immunohistochemical assessment of melanomas and, in common with previous studies, we found the staining patterns predictable. 3 6 17 18 There are problems in interpretation using the S-100 and HMB45 dual panel approach, however, and these are related to sensitivity and specificity. Previous studies have confirmed the sensitivity of S-100 for naevus cells 19 20 and malignant melanoma, but have also shown its lack of specificity, staining a wide range of other tissues.
1 2 This lack of specificity is related to the polyclonal nature of the antibody and its reactivity with both and subunits of the (cow brain) protein it was raised against. Two particular problems in melanoma diagnosis are related to its staining of neural tissues and histiocytes. The former staining may confuse the issue in secondary melanoma diagnosis where there is a spindle cell growth pattern because tumours of neural origin may be considered. Equally, in primary melanoma, the assessment of invasion can be hampered by the staining of histiocytes in the associated dermal inflammatory cell infiltrate. In contrast, the monoclonal antibody HMB45 has been raised against group 100 protein, 21 22 is localized to premelanosomes ultrastructurally, 23 and is a more specific marker of melanocytes than S-100. [3] [4] [5] However, the antibody is not absolutely specific because immunoreactivity has been described to normal breast epithelium, some carcinomas of the breast, normal sweat glands, and some sweat gland tumours. 24 25 The improved specificity is also at the expense of sensitivity, with variable and heterogeneous staining even within typical melanomas and absent staining in some benign naevi, particularly the dermal component. 4 Therefore, there is a need for an alternative specific marker of melanocytes with greater sensitivity than HMB45.
A recently evaluated antibody to melan-A (A103), a melanocytic diVerentiation antigen, was found to show a similar staining pattern to S-100 for melanocytes, with the exception of desmoplastic, spindle cell, and metastatic melanoma, where staining for melan-A was less sensitive. 6 However, A103 is more specific than S-100; to date, it has only shown immunoreactivity with melanocytes and steroid producing tumours. 7 26 In our study, A103 stained all the benign lesions and most of the melanomas strongly and diVusely with minimal background staining. There was patchy staining in a few melanomas and an absence of immunoreactivity in desmoplastic melanomas, but all the remaining malignant lesions stained strongly and diVusely.
Tyrosinase is an enzyme involved in the initial stages of melanin biosynthesis and a monoclonal antibody to this molecule has become available for use on paraYn wax sections (T311). A previous study 15 found T311 to be 94% sensitive for melanomas overall, but the sensitivity was correlated inversely with clinical stage. In our study, T311 stained most benign and malignant lesions strongly and diVusely, with minimal background staining. Although reliable in its staining of most melanomas, there was a tendency for weak or absent staining of the mature melanocytes in intradermal and compound naevi.
Although only two desmoplastic melanomas were included, a similar staining pattern to that described previously 6 7 18 was seen. S-100 stained strongly and diVusely but T311, A103, and HMB45 showed no immunoreactivity.
Our study found S-100 to be the most reliable antibody for metastatic melanoma in lymph nodes with strong diVuse staining of all cases, confirming previous observations. 6 T311 and A103 have an intermediate sensitivity to S-100 and HMB45, being less sensitive than S-100 in the staining of metastatic and desmoplastic melanomas. T311, A103, and HMB45 are more specific than S-100 for melanocytes, and of these A103 appears the most sensitive, followed by T311. The profile of T311 has yet to be evaluated fully on a range of tissues but a previous study has found it to be specific for melanocytes only.
14 Although S-100 still appears to be the most sensitive marker of melanocytes available, problems with specificity are encountered. In diagnostic surgical pathology practice where morphology and conventional stains alone do not provide the answer, we would advocate the use of a panel of antibodies. The complementary use of melanocyte specific antibodies together with S-100 can be of undoubted benefit. A103, and to a lesser extent T311, show greater sensitivity than HMB45 for melanocytes and are especially useful in the assessment of heavily inflamed or regressing skin lesions. Used in this context, both of these antibodies will highlight the architecture of the lesion and will even stain single melanocytes within the associated inflammatory infiltrate. In conclusion, tyrosinase has been shown to be a sensitive, reliable marker of melanocytes in paraYn embedded sections. Although not as sensitive as A103, T311 is worth consideration when using a panel of antibodies to assess diYcult melanocytic lesions.
